Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (M. tb.), one of the most dangerous human pathogens. Recently numerous molecular techniques have been developed to support and reinforce conventional epidemiology of TB. Molecular methods provide the rates of active transmission and the understanding of transmission dynamics, helping additionally to discover cross-contamination (van Soolingen et al., 2003) . e di erentiation ability of each method depends on the type and level of polymorphism detected. M. tb. has relatively low genetic variability due to its specific life cycle, involving long doubling time and periods of latency (Gutacker et al., 2002) . e diversity of mycobacterial genomes is associated with rearrangements within the chromosome resulting from recombination, mutations and transposition of mobile genetic elements (Eisenach et al., 1988) .
IS6110 is an insertion sequence frequently used in genetic analyses of M. tb. ( ierry et al., 1990) . IS6110 RFLP (restriction fragment length polymorphism) is a molecular method based on di erences in copy number and variability in the chromosomal locations of IS6110. Due to high standardization and wide use it is considered a reference method (van Embden et al., 1993) . However, this method is laborious, expensive and requires a large amount of chromosomal DNA.
erefore, several alternative PCR-based techniques have been developed.
Spoligotyping requires less DNA than the standard IS6110 RFLP (Kamerbeek et al., 1997) . is method is based on polymorphism in the chromosomal direct repeat (DR) locus. It consists of PCR amplification of DRs and subsequent hybridization of the products with 43 synthetic oligonucleotides immobilized on a membrane. Spoligotyping is o en used as a quick screening method, especially for di erentiation of strains with similar IS6110 RFLP patterns or strains with low number (less than 6) of IS6110 copies (Mathema et al., 2006) .
Another currently used PCR-based method for genotyping M. tb. strains is MIRU-VNTR (mycobacterial interspersed repetitive units-variable number of tandem repeats) typing. is method is based on variable number of tandem repeats. e 12, 15 or 24 loci, selected from 61 MIRU-VNTR sequences, present in the M. tb. genome, allow the di erentiation of isolates (Supply et al., 2006) . MIRU-VNTR typing based on 12 or 15 loci has a lower discriminatory power than IS6110 RFLP, but this can be increased by combining it with spoligotyping (Kremer et al., 1999a, b; Blackwood et al., 2004; Covan et al., 2005; Mathema et al., 2006;  
Application of FLiP Method for Di erentiation of Mycobacterium tuberculosis Strains in Comparison to Commonly
Used Methods, Spoligotyping and MIRU-VNTR Typing e current "gold standard" in molecular epidemiological studies of Mycobacterium tuberculosis is IS6110 RFLP based on IS6110 polymorphism. However PCR-based methods are becoming increasingly important. Recently, fast ligation-mediated PCR (FLiP), based on IS6110 polymorphism was proposed. In this study, the discriminatory power of FLiP, spoligotyping and MIRU-VNTR typing, in di erentiation of M. tuberculosis isolates was compared. e discriminatory index (HGI) of spoligotyping, MIRU-VNTR analysis, and FLiP was 0.653, 0.837, and 0.917, respectively. is indicates that FLiP allows a high level of di erentiation among M. tuberculosis strains and it might be a valuable alternative to the other typing methods. , 2008) . Further extension of the set of loci to 24 sequences resulted in higher resolution power comparable to that of the reference method (Maes et al., 2008) . Fast ligation-mediated PCR (FLiP) is a novel me thod, based on IS6110 polymorphism. It involves digestion of chromosomal DNA by restriction enzyme HhaI and ligation with a synthetic oligonucleotide adaptor sequence (Reisig et al., 2005) . Such product is then PCR amplified using primers complementary to the IS6110 and adaptor sequence, and resolved by polyacrylamide gel electrophoresis. e discriminatory power of FLiP was reported to be close to that of the IS6110 RFLP (Kremer et al., 2005; Reisig et al., 2005) . However, very few analyses of M. tb. strains were performed using FLiP, and its comparison to other commonly used PCR-based methods is therefore required.
In this study, we used FLiP to estimate molecular relationships among 25 strains of M. tb., isolated from TB patients in 2006-2007. FLiP analysis was performed as originally described by Reisig et al., 2005 . FLiP genotyping data were compared to the results previously obtained by 15-locus MIRU-VNTR typing and spoligotyping, two PCR-based methods commonly used in molecular epidemiology of TB (Krawczyk et al., 2011) .
Spoligotyping grouped the analyzed strains into three types: S1, S2, and S3, consisting of 8, 12 and 5 strains, respectively (Fig. 1A.) . e discriminatory power of spoligotyping, expressed as HGI (HunterGaston index; Hunter and Gaston, 1988), was 0.653. e 15-locus MIRU-VNTR analysis divided the 25 strains into 8 classes: M1-M8 (Fig. 1B.) . Within each of the types S1 and S2, the 15-locus MIRU-VNTR distinguished three classes: M6, M7, M8, and M1, M2, M4, respectively. Type S3 was subdivided into classes M3 and M5. e classes M2, M6 and M3 contained 8, 6 and 3 strains, respectively. e classes M1, M4, and M5 contained two strains each, whereas classes M7 and M8 were represented by single strains. e HGI for 15-locus MIRU-VNTR typing was 0.837. Combining it with spoligotyping increased HGI to 0.930 (data not shown).
e FLiP method subdivided 25 strains tested into 12 clusters, leading to further di erentiation of strains belonging to classes M4 and M6 (Fig. 1C.) . Class M4 was subdivided into single strains F10 and F11, and class M6 was split up into clusters F3 and F4. Class M2 was diversified into four clusters: F6, F7, F8, and F9 with the exception of strain no. 513. is strain was included into the cluster F4 together with strain no. 632, belonging to the class M8 in MIRU-VNTR typing. In comparison with the two other methods, FLiP showed the highest discriminatory potential (HGI = 0.917) in di erentiation of the strains tested.
In conclusion, spoligotyping can be used as a screening method for molecular epidemiological investigations of large numbers of M. tb. strains. e high discriminatory power presented by FLiP suggests it as an interesting alternative method for the widely used MIRU-VNTR typing. However, in large numbers of strains tested, the use of MIRU-VNTR typing could be more appropriate, since it requires determination of the size of a single PCR product instead of comparison of patterns, as in FLiP. FLiP appears a relatively simple and fast method, reliably discriminating M. tb. strains. However, further studies of strains from worldwide distribution would be necessary to prove its wide applicability.
